The cage-like molecules /?-P 4 S 5 , As 4 S 5 , P 4 S 7 and As 2 P 2 S 7 are all supposed to have C 2v -symmetry. A normal coordinate analysis was performed for those molecules, based on a very simple initial force field with three numerical parameters and valence coordinates including redundancies. A complete set of symmetry coordinates is given. The force field was refined by adjusting the symmetry force constants to fit exactly a set of observed frequencies. This was used to calculate the mean amplitudes of vibration and perpendicular amplitude correction coefficients. The standard thermodynamical values derived from spectroscopic data are also given. A set of frequencies was calculated for the so far unknown compound P 4 S 6 .
Introduction
The cage-like structures of the binary phosphorous-and arsenic-sulfides are quite unusual. The substitution of As for P will yield a variety of new, sometimes isomeric compounds. Our studies of P-S-, As-S-and As-P-S-compounds [1] [2] [3] [4] [5] [6] [7] [8] [9] shall now be continued under the aspect of comparable structure elements. The available information on As-P-S-compounds is still very limited [4, 8, 10] . In special cases the replacement of P by As can be regarded as a quasi isotopic substitution which will become evident in the vibrational spectra. This assumption can be used during the assignment of frequencies. The recent spectroscopical investigations [6, 7, 9] are now supplemented by a normal coordinate analysis. The validity of a highly approximate force field is tested by an application to related molecules, viz. /?-P 4 S 5 , As 4 S 5 , P 4 S 7 and As 2 P 2 S 7 . In all cases the vibrational frequencies are calculated with satisfactory results, sometimes leading to a slight reassignment of the reported frequencies [6, 9] . For AS 2 P 2 S 7 these data were used as a set of reference for completing the assignment. /?-P 4 S 5 has been characterized by x-ray diffraction [11] and vibrational spectroscopy [6, 8] , As 4 S 5 is occasionally found after slow evaporation of CS 2 from As 4 S 4 -CS 2 -solutions in form of yellow needles. Crystal data have been given [12] and recently also Raman frequencies were obtained [9] . P 4 S 7 is one of the thermally stable phosphorous sulfides. Its crystal structure [13, 14] and vibrational spectra [6, 8, 15] are known. As 2 P 2 S 7 was recently investigated by us [7] . On the basis of vibrational spectra a model for its molecular structure was proposed. The crystal structure of this compound remains still unknown. P 4 S 6 has not been isolated until now, but some frequencies appearing in the P 4 S 7 spectra after thermal treatment have been attributed to this compound by Bues et al. [6] . Therefore it seemed useful to include a set of calculated frequencies for this compound and to compare it with experimental data [6] as well as calculated frequencies of P 4 S 7 and A-P4S5.
Structure Parameters
The crystals of the title compounds consist of isolated cage-like A 4 S 5 -resp. A 4 S 7 -molecules (A=P, As) having C 2v -symmetry. The bonding distances and angles listed in Table 1 have been taken from published crystal data [11] [12] [13] [14] , In the case of As 2 P 2 S 7 , they were estimated from comparison with similar compounds. 
Symmetry Coordinates
For all of the studied cage-molecules models with C 2v -symmetry were used, cf. Figure 1 . In case of the A4S 5 -type molecules the following distribution of the normal modes resulted:
All species but A 2 , which is not active in the IR, can be observed in Raman and IR spectra. The models for the A4S 7 -type molecules were derived by adding two terminally bonded S-atoms
The resulting distribution of normal modes is:
The above mentioned selection rules are valid.
A complete set of independent symmetry coordinates for the A 4 S 5 model was constructed with the following result: 
Initial Force Field
An extremely simple initial force field was assumed in the same way as it was done for P4S3 [2] [3] [4] and related molecules [4] , A diagonal forceconstant matrix was constructed in terms of valence coordinates including redundancies. The inherent coordinates are: (a) All bond stretchings, viz. the four and five types in the cases of A 4 S 5 and A 4 S 7 , respectively (cf. Fig. 1 ), (b) all interbond angle bendings of the types applied in the construction of symmetry coordinates, again four and five types in the cases of A 4 S 5 and A 4 S 7 , respectively (cf. Fig. 1 ), and finally (c) the additional bendings not occurring among the symmetry coordinates, viz. the S-A b -S and S-A a -S types, and in the case of A 4 S 7 also S t =A a -S a .
Most of the numerical values of the initial force constants are transferred from P 4 S 3 and related molecules [2] [3] [4] , For the stretchings it was adopted (in mdyne/Ä):
3; in the case of A 4 S 7 the value of / p (A a =S t ) = 3.4 was adopted after a few trials. It appears to be substantially smaller than the corresponding value in P 4 S ]0 [16] . It should be noticed that the numerical values are the same whenever the A atom is P or As. The bending force constants were all assumed to have the same value, viz. Tables 2, 3 include the calculated frequencies for the four title molecules from the initial force field (see above). They were used as an aid in the assignment of observed fundamentals. The final proposed assignments are shown in the columns labled b of each of the tables.
mdyne/A.

Vibrational Assignments
For P 4 S 5 and P4S7 the observed frequencies of Bues et al. [6] were used. In the former case (P4S5) our assignment is identical with the one proposed by the mentioned authors [6] apart from some details in species A 2 . The calculations strongly suggest the lowest frequency to appear below the range of observations in the experimental work [6] . Hence we have re-assigned the 227 cm The approximately calculated frequencies from this initial force field are shown in Tables 2, 3 for the four molecules in question.
Potential Energy Distribution
A critical examination has been made [3] for the PED in terms of independent symmetry coordinates of P4S3 as a representant of cage-like structures. The coordinate-dependance of the PED terms was pointed out in particular, and quite meaningless PED terms were shown for a certain choice of the symmetry coordinate set. Some of these difficulties Table 2 .
are removed by definition of PED in the presence of redundancy [17] . This theory was applied to the initial force fields of the molecules considered here. The calculated results of the PED terms are shown in Tables 2. 3 . They are based on all the described valence coordinates including redundancies (cf. Figure 1 ).
The PED terms display an appreciable mixing between the different types of valence coordinates. This was expected because of the cage-like structure. A simple description of the normal modes as proposed for P 4 S 5 and P 4 S 7 by Bues et al. [6] is probably not adequate or at least highly approximate. Furthermore, we find several real discrepancies between the mentioned description [6] and the present one deduced from Table 2. In the light of the previous discussions [3. 17] it seems clear that the significance of the calculated PED terms is not so definite as to make us abandon the force field because of the mentioned discrepancies.
Refined Force Field
The initial force field (see above) was transferred to the basis of the symmetry coordinates. Subsequently the force constants were, for each of the molecules individually, adjusted to fit exactly the final assignments as given in column b of Tables 2, 3 . This step was achieved by the L-matrix method, i.e. the normal coordinate transformation matrix (L of S=LQ) was maintained from the approximate calculation with the initial force field.
Mean Amplitudes of Vibration
The final force field was used to calculate the mean amplitudes of vibration (u) [18] for all the interatomic distances of the title molecules at different temperatures. The results are given in Tables 7, 8 . Also included are the calculated perpendicular amplitude correction coefficients (A'-values [18. 19] ). which are defined in the previous paper on P 4 S 3 [2] . Table 4 . The most important symmetry force constants (mdyne/A) of the F-matrix blocks of the initial force field for the compounds /?-P 4 S 5 and As 4 S 5 . Table 4 . Both the quantities of u and K are useful in the interpretation of modern gas electron diffraction measurements [19] .
Many characteristic values are found among the calculated mean amplitudes. For the bonded distances in particular we find firstly (in A units at 25 °C) 0.044 for P=S in both P 4 S 7 and As 2 P 2 S 7 . For the P-S bond it was found 0.058 in PAs 3 S 3 [4] , 0.058-0.060 for P 4 S 7 and As 2 P 2 S 7 (Table 8) , 0.059-0.060 for P 4 S 5 (Table 7) , and 0.060 for P 4 S 3 [2] , For the P-P bond the results are 0.060 for P 4 S 7 (Table 8) , 0.061 for P 4 S 3 [2] and P 4 S 5 (Table 7) , and 0.062 for P 4 Se 3 [4] . Similarly one has all As-S mean amplitudes in the range of 0.059-0.061 with a somewhat lower value (0.057) for PAs 3 S 3 . Finally the As-As values are found to be 0.061 for As 4 S 5 and 0.057 for As 2 P 2 S 7 compared to 0.056 in PAS 3 S 3 [4] ,
Coriolis Coefficients
In the P 4 S 3 -type molecules of symmetry C 3v there are first-order Coriolis coefficients of the type ExE [2, 4] . Because of the lack of degeneracy of normal modes of the present molecular models, which belong to the C 2v symmetry, there are no such Coriolis coefficients in the present case. However, there are 163 and 269 second-order Coriolis coefficients in each of the A 4 S 5 and A 4 S 7 compounds, respectively. They were well all computed from the final force fields of the present work. The results which are too voluminous to be given here, are obtainable on request from S. J. Cyvin.
Thermodynamical Data
By using the vibrational frequencies (Tables 2, 3 ) and the mentioned molecular parameters (Table 1) of the title molecules, the molar heat capacity (C°), the reduced enthalpy ((H°-H §/T), the reduced Gibbs energy ((G°-G §)/7) and the entropy (5°) were calculated for an ideal gas at 1 atm and in the temperature range from 0-1000 K. The calculations were based on the usual models for a rigid rotator and harmonic oscillator [20] . The results are summarized in Tables 8 and 9 . 
